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RV Pacing to LBBB by 2D and 3D Speckle
Tracking and Association With Response to
Resynchronization Therapy
Hidekazu Tanaka, MD, Hideyuki Hara, MD, Evan C. Adelstein, MD,
David Schwartzman, MD, Samir Saba, MD, John Gorcsan III, MD
Pittsburgh, Pennsylvania
O B J E C T I V E S The goals of this study were to compare patterns of mechanical activation in patients
with chronic right ventricular (RV) pacing with those with left bundle branch block (LBBB) using
2-dimensional and novel 3-dimensional speckle tracking, and to compare ejection fraction (EF) response
and long-term survival after cardiac resynchronization therapy (CRT).
B A C KG ROUND Several randomized CRT trials have excluded patients with chronic RV pacing, and
current guidelines for CRT include patients with intrinsically widened QRS, typically LBBB.
METHOD S We studied 308 patients who were referred for CRT: 227 had LBBB, 81 were RV paced.
Dyssynchrony was assessed by tissue Doppler, routine pulsed Doppler, and 2-dimensional speckle-
tracking radial strain. 3D strain was assessed using speckle tracking from a pyramidal dataset in a subset
of 57 patients for mechanical activation mapping. Survival after CRT was compared with survival in a
group of 46 patients with attempted, but failed, CRT.
R E S U L T S Patients with chronic RV pacing and LBBB had similar intraventricular dyssynchrony, with
opposing wall delays by tissue Doppler of 82 45 ms versus 87 63 ms and anteroseptum-to-posterior
delays by speckle tracking of 225  142 ms, versus 211  107 ms, respectively. RV-paced patients,
however, had greater interventricular dyssynchrony: 44  24 ms versus 35  21 ms (p  0.01), which
correlated with their greater QRS duration (p  0.001). Sites of latest mechanical activation were most
often posterior or lateral in both groups, but RV-paced patients had sites of earliest activation more often
from the inferior-septum and apex (p 0.05). EF response was similar in RV-paced and LBBB groups, and
survival free from transplantation or mechanical support after CRT was similarly favorable as compared
with failed CRT patients over 5 years (p  0.01).
CONC L U S I O N S RV-paced patients, when compared with LBBB patients, had similar dyssynchro-
nous patterns of mechanical activation and greater interventricular dyssynchrony. Importantly, RV-paced
patients had similar EF response and long-term outcome as those with LBBB, which supports their
candidacy for CRT. (J Am Coll Cardiol Img 2010;3:461–71) © 2010 by the American College of
Cardiology Foundation
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462ight ventricular (RV) pacing is the only effec-
tive treatment for patients with symptomatic
atrioventricular block. Several trials have
shown that conventional RV pacing is asso-
iated with left ventricular (LV) dysfunction and an
ncreased risk for heart failure (HF) and death
1–4). Although the exact cause of the deleterious
ffects of RV pacing, specifically from the apical
ite, is not known, the prevailing hypothesis is that
V pacing may create mechanical dyssynchrony,
hich may induce LV dysfunction and clinical HF
5,6). It remains unclear whether patients with
RS widening induced by chronic RV pacing
ould have a similar pattern of mechanical activa-
ion, thus a substrate for dyssynchronous HF. Car-
iac resynchronization therapy (CRT) has greatly
mproved symptoms and survival in HF patients
ith intrinsic QRS widening (7–9). A current
criterion for consideration of CRT is a
QRS duration120 ms, typically with left
bundle branch block (LBBB). Although
RV-paced HF patients have been ex-
cluded from randomized CRT trials and
are not part of current guidelines, upgrad-
ing of RV pacing systems to CRT de-
vices is often performed (10). Accord-
ingly, the objectives of this study were to
compare mechanical activation patterns
in patients with RV pacing–induced
QRS widening to those with intrinsic
LBBB using 2-dimensional (2D) and
novel 3-dimensional (3D) speckle-
tracking strain imaging, and to compare
their ejection fraction (EF) response and
long-term outcome after CRT.
E T H O D S
he study group consisted of 333 consecutive HF
atients with QRS duration 120 ms (either
BBB or chronic RV pacing) referred for CRT
aseline Characteristics of HF Patients With Intrinsic LBBB and
e Variable
Intrinsic LBBB
(n  227)
RV Paced
(n  81)
Failed CRT
(n  46)
65 12 69 12 65 16
e), n (%) 68 (30) 20 (25) 15 (33)
on, ms 152 24 181 25* 162 24
isease, n (%) 128 (56) 48 (59) 30 (65)
ction, (%) 24 6 25 7 25 5
versus intrinsic LBBB.
ac resynchronization therapy; HF  heart failure; LBBB  left bundle branch block;
tion
lockd
entricular.ith EF 35% and New York Heart Association
NYHA) functional class III or IV HF despite
ptimal pharmacological therapy. This protocol was
pproved by the Institutional Review Board on
iomedical Research, and all patients gave in-
ormed consent consistent with this protocol.
wenty-five patients (8%) with suboptimal echo-
ardiographic images were excluded from all subse-
uent analysis. Accordingly, the patient study group
onsisted of 308 patients (Table 1). Eighty-eight
28%) were female. The group mean age was 66 
2 years, EF was 24  6% (all 35%), and QRS
uration was 159  27 ms (all 120 ms). One
undred seventy-six patients (57%) had ischemic
ardiomyopathy. No patients had atrial fibrillation.
he intrinsic LBBB group consisted of 227 pa-
ients, defined as QRS 120 ms with an RS or QS
orphologic type in lead V1 and a broad R-wave
ithout a Q-wave in either lead I or V6. Mean age
as 65 12 years, 68 (30%) were female, mean EF
as 24  6%, and mean QRS duration was 152 
4 ms. The remaining 81 patients had previously
ndergone implantation of a permanent dual-
hamber pacemaker at least 1 year before enroll-
ent. Patients with chronic RV pacing 90% on
evice interrogation at the time of enrollment were
onsidered as having a paced QRS complex. All RV
acing devices were specifically programmed to
inimize RV pacing (3). Mean age in the RV-
aced groups was 69  12 years, 20 (25%) were
emale, mean EF was 25  7%, and mean QRS
uration was 181  25 ms. Mean duration of RV
acing was 4 2 years and the indications shown in
able 2. A biventricular pacing system was rou-
inely implanted with an RV apical lead and an LV
ead positioned in a posterior or lateral epicardial
ein through the coronary sinus.
An additional group of 46 patients who met
tandard CRT implant criteria, but in whom trans-
enous LV lead implantation failed and no epicar-
Table 2. Indications for Chronic RV Pacing
N 81
Duration of RV pacing (yrs) 4 2
Indications for chronic RV Pacing
Complete AV block 42 (52%)
AV node ablation due to atrial ﬁbrillation 24 (30%)
Sick sinus syndrome 11 (13%)
2:1 AV block 3 (4%)
Congenital complete AV block 1 (1%)
AV  atrioventricular; other abbreviations as in Table 1.Table 1. B
RV Pacing
Baselin
Age (yrs)
Sex (femal
QRS durati
Coronary d
Ejection fra
*p  0.001
CRT  cardiB B R E V I A T I O N S
N D A C R O N YM S
D 2-dimensional
D 3-dimensional
RT cardiac resynchroniza
herapy
F ejection fraction
F heart failure
VMD interventricular
echanical delay
BBB left bundle branch b
V left ventricular
YHA New York Heart
ssociationial LV lead was implanted, comprised a control
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463roup. The decision to forgo surgical epicardial lead
lacement was usually based on patient refusal. The
ailed CRT patients reflected the overall CRT
opulation at our institution (Table 1). All CRT
atients received a CRT-defibrillator device, and all
ailed CRT patients received a standard implantable
ardioverter-defibrillator.
chocardiography. All echocardiographic studies
ere performed with commercially available echo-
ardiography systems (Vivid 7, GE-Vingmed, Hor-
on, Norway, and/or Aplio Artida, Toshiba Medi-
al Systems Corporation, Tokyo, Japan). Routine
igital grayscale 2D and tissue Doppler cine loops
ere obtained at end-expiratory apnea from stan-
ard apical and parasternal views. Specific views for
he study included mid-LV short-axis views at the
evel of the papillary muscle, routine apical views
nd pulsed Doppler of the RV and LV outflow tract
n all patients, and a full pyramidal 3D dataset from
n apical transducer site in a subset of patients.
ector width was optimized to allow for complete
yocardial visualization while maximizing frame
ate. EF was assessed by biplane Simpson rule using
anual tracing of digital images (11). Follow-up
chocardiograms were available on 176 patients
mean 7  6 months) to assess EF response.
esponse to CRT was defined as reverse remodel-
ng detected by a relative increase in EF15% from
aseline (12–14).
nterventricular dyssynchrony analysis. Routine
ulsed Doppler was used to determine interventric-
lar dyssynchrony as previously described (15,16).
nterventricular mechanical delay (IVMD) was de-
ermined as the time difference in onset of RV
jection velocity to LV ejection velocity (Fig. 1A).
n IVMD of 40 ms was considered significant
yssynchrony (15,16).
ongitudinal tissue Doppler dyssynchrony analysis.
ongitudinal dyssynchrony was determined using
issue Doppler cine loops from 3 consecutive beats
btained in 3 standard apical views as previously
escribed in detail (16–18). Regions of interest
7  15 mm) were placed in the basal and mid-LV
egments for 12-site time-to-peak velocity analysis.
anual adjustments were made so that the regions
f interest produced the most reproducible peak
elocity. Segmental time-to-peak systolic wave ve-
ocity was calculated from the onset of the QRS
omplex. Longitudinal tissue Doppler dyssyn-
hrony was determined as the maximal time differ-
nce in peak systolic velocities from opposing walls
n each view (Fig. 1B), with 65 ms considered
ignificant (15,17,18). (D speckle-tracking dyssynchrony analysis. Radial
yssynchrony was determined using speckle-
racking strain from routine grayscale mid-LV
hort-axis images as previously described in detail
12–15). Briefly, an end-diastolic circular region of
nterest was traced slightly within the endocardial
avity using a point-and-click approach, with spe-
ial care taken to adjust tracking of all endocardial
egments. A second larger concentric circle was
hen automatically generated and manually adjusted
ear the epicardium. Speckle tracking automatically
nalyzed frame-by-frame movement of the stable
atterns of natural acoustic markers, or speckles,
ver the cardiac cycle. Segmental time to peak strain
as measured. Radial dyssynchrony was then deter-
ined by measuring the time difference between
he anteroseptal and posterior wall (Fig. 1C). A
adial speckle-tracking dyssynchrony of 130 ms
as considered significant dyssynchrony (12–15).
D speckle-tracking dyssynchrony analysis. A subset
f 57 patients was also studied by a 3D speckle-
racking strain system as previously described in
etail (19). Briefly, 3D speckle tracking used a
yramidal volume from the matrix array transducer.
cquisition of a full-volume dataset required 4
maller wedge-shaped subvolumes from 4 consecu-
ive cardiac cycles during a breath hold, which were
ombined to provide the larger pyramidal volume.
he 3D datasets were displayed in 5 different cross
ections including standard 3 short-axis views and
pical 4- and 2-chamber views that could be mod-
fied interactively. Regions of interest were placed
n the endocardium and epicardium from apical
iews. The software automatically divided the LV
nto 16 standard segments (11) and generated
orresponding time-strain curves from each seg-
ent. The 3D speckle-tracking radial dyssynchrony
as quantified from mechanical activation opposing
all delay in time-to-peak strain and standard
eviation of time-to-peak strain. The 3D cine loops
f regional strain were generated and displayed with
olor coding of strain.
ong-term outcome analysis. Long-term outcome
as assessed as survival free from transplant or
echanical circulatory support. This end point was
re-determined because only patients with end-
tage HF would undergo transplant or ventricular
ssist device implantation in our institution. Long-
erm follow-up data after CRT were available in
34 patients (174 intrinsic LBBB and 60 RV-paced
atients). For further comparison, a control group
f 46 patients with similar baseline characteristics
Table 1) who met standard implant criteria but had
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464ailed attempted CRT and who did not undergo
picardial LV lead implantation over a 5-year pe-
iod were followed.
tatistical analysis. All group data were presented as
ean  SD and were compared with the 2-tailed
Figure 1. Assessment of Dyssynchrony
(A) Pulsed Doppler of right and left ventricular outﬂow tracks with
interventricular mechanical delay as the time difference in onset of
wall (blue line) using the apical 4-chamber view to measure the op
strain plots from the mid-ventricular short-axis view to measure ant
2-dimensional speckle-tracking radial strain (red arrow). AVC  aortudent t test for paired and unpaired data, respec- Eively. Comparisons between the LBBB and RV-
aced patients were made technically to demon-
trate noninferiority, and no corrections for type I
rror were applied. Linear regression analysis was
xpressed as a Pearson correlation coefficient.
from onset of QRS to onset of ﬂow (red arrows) to measure
tion. (B) Time-velocity plots from septum (yellow line) and lateral
ing wall delay (red arrow) during the ejection interval. (C) Time-
eptal (yellow line) to posterior wall (purple line) delay in peak
alve closure; AVO  aortic valve opening.time
ejec
pos
erosvent-free survival curves were determined accord-
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465ng to the Kaplan-Meier method, with comparisons
f cumulative event rates by the log-rank test.
tatistical significance was p  0.05.
E S U L T S
he study group consisted of 308 HF patients (227
ntrinsic LBBB patients and 81 RV-paced pa-
ients), with follow-up survival data available on
34 patients and EF data available on 163 patients.
aseline clinical characteristics were similar be-
ween patient groups, except that RV-paced pa-
ients had greater QRS duration than LBBB pa-
ients (181  25 ms vs. 152  24 ms, respectively;
 0.001) (Table 1).
ariability of dyssynchrony measures. Intraobserver
ariability for determining routine pulsed Doppler
yssynchrony measures was 3  4%, and interob-
erver variability was 4  5%. Intraobserver vari-
bility for determining tissue Doppler longitudinal
yssynchrony was 6  7%, and interobserver vari-
bility was 8  7 %. Intraobserver variability for
etermining 2D speckle-tracking strain data from
he identical digital cine loops used for dyssyn-
hrony was 8  7%, and interobserver variability
as 9  7%. The interobserver and intraobserver
ariabilities of 3D speckle-tracking dyssynchrony
ere 9  8% and 9  7%, respectively.
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Figure 2. Degree and Prevalence of Dyssynchrony
Bar graphs demonstrate prevalence and degree of dyssynchrony. Le
ing and 2-dimensional (2D) speckle-tracking radial strain, but greate
paced patients. The right panel shows similar dyssynchrony by 3-d
(LBBB) and RV-paced patients. Error bars indicate standard deviation ofrevalence and degree of dyssynchrony. The preva-
ence and degree of intraventricular dyssynchrony
as similar in intrinsic LBBB and RV-paced pa-
ients (longitudinal tissue Doppler dyssynchrony:
3% vs. 70% and 87 63 ms vs. 82 45 ms; radial
peckle-tracking dyssynchrony: 77% vs. 70% and
11  107 ms vs. 225  142 ms) (Fig. 2A). The
D speckle-tracking strain–derived dyssynchrony
ndexes were also similar in both groups (SD: 120 
6 ms vs. 124  54 ms, and opposing wall delay:
08 99 ms vs. 318 124 ms) (Fig. 2B). The only
bserved difference was that RV-paced patients had
higher degree and incidence of significant IVMD
han those with intrinsic LBBB patients: 44  24
s versus 35  21 ms and 58% versus 40% (p 
.01 vs. LBBB) (Fig. 2A). The greater degree of
VMD in RV-paced patients correlated with their
reater QRS duration, (r  0.53, p  0.001).
echanical activation by 2D speckle tracking. Using
ime-to-peak maximal 2D speckle-tracking radial
train, we determined the prevalence of the site of
arliest and latest mechanical activation from 6
id-LV short-axis views in LBBB and RV-paced
atients. Overall, 75% of LBBB patients and 79%
f RV-paced patients had the site of earliest me-
hanical activation in the anterior septum or inferior
eptum. However, the site of earliest mechanical
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466ctivation in RV-paced patients was more often
ocated in the inferior septum compared with
BBB patients (47% vs. 30%, p  0.05) (Fig. 3).
espite these differences in earliest activation, the
ite of latest mechanical activation was similarly
ocated in the posterior or lateral wall in 80% of
ntrinsic LBBB patients and 81% of RV-paced
atients (Fig. 3). The EF response rate in patients
ith the site of earliest activation from the anterior
eptum or inferior septum was significantly higher
t 66% compared with those in whom the site of
arliest activation was posterior or lateral, which
as 33% (p  0.05).
ite of mechanical activation by 3D speckle track-
ng. We also determined the site of earliest and
atest mechanical activation from all 16 LV sites
sing a 3D dataset in a subset of 57 patients (35
BBB and 22 RV-paced patients) with time-to-
eak maximal 3D speckle-tracking radial strain.
light differences in the site of earliest mechanical
ctivation were observed in RV-paced patients,
ccurring more often from the apex (28% vs. 6% of
ntrinsic LBBB patients, p  0.05) and inferior
eptum (55% vs. 34% of intrinsic LBBB patients)
Fig. 4). Similar to the 2D strain data, the site of
atest mechanical activation in intrinsic LBBB pa-
ients was similarly distributed to that in RV-paced
atients (Fig. 4). Overall, the site of latest mechan-
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Figure 3. Mechanical Activation by 2D Speckle-Tracking Strain
Sites of earliest mechanical activation in right ventricular (RV)-paced
compared with left bundle branch block (LBBB) patients (top panel
panel). 2D  2-dimensional; Ant-Sept  anterior-septum.cal activation was located in posterior or lateral
egions in 83% of intrinsic LBBB patients and in
6% of RV-paced patients at the mid- or basal
evels (Fig. 5).
entricular functional response to CRT. There were
76 patients with follow-up EF data available. Both
ntrinsic LBBB and RV-paced patients had similar
F improvement (24  6 to 32  11 and 25  8
o 33  12, p  0.001 vs. baseline) (Fig. 6). An EF
esponse was observed in 119 patients, using an LV
unctional response defined as a relative change in
F 15% as we have used in our previous investi-
ations (12–14). This represented an overall 68%
F response rate, which was similar in both RV-
aced and LBBB patients (71% vs. 67%, respec-
ively). An absolute 5% increase in EF response rate
n LBBB patients was 62%, which was similar to
V-paced patients at 61%. Furthermore, the rela-
ive decrease in end-systolic volume 10% in
BBB and RV-paced patients was similar at 62%
nd 60%, respectively. 2D speckle-tracking radial
yssynchrony130 ms predicted a 15% relative EF
esponse in the LBBB group with a sensitivity of
7% and specificity of 72%, which was similar to
he RV-paced group, with a sensitivity of 80%, and
specificity of 66%.
vent-free survival after CRT. There were 280 patients
ith follow-up outcome analysis available after CRT,
*p<0.05 vs. Intrinsic LBBB
RV Paced (n=81)
Intrinsic LBBB (n=227)
Lateral
arliest Activation
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Lateral
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467ncluding 174 intrinsic LBBB, 60 RV-paced, and 46
ailed CRT patients. The follow-up duration was
4  18 months. Survival free from transplant or
entricular assist device was similar in patients with
ntrinsic LBBB and RV pacing (Fig. 7). Both had a
ignificantly more favorable prognosis than the pa-
ients with attempted, but failed, CRT (p  0.01).
urthermore, speckle-tracking radial dyssynchrony
130 ms also predicted event-free survival after CRT
n both the LBBB patients with a sensitivity of 55%
nd specificity of 69%, and in the RV-paced patients
ith a sensitivity of 55% and specificity of 73%.
I S C U S S I O N
his study of a large series of consecutive HF
atients referred for CRT demonstrates that chron-
cally RV-paced patients have similar dyssynchro-
ous patterns of mechanical activation as those with
ntrinsically widened LBBB. The 2D and novel 3D
peckle-tracking strain analyses demonstrated slight
ifferences in sites of earliest mechanical activation
n RV-paced patients as expected by lead position-
ng, but confirmed striking similarities in sites of
atest mechanical activation in RV-paced and
Inferior
Inferior
Septun
Lateral
Anterior
*p<0.05 vs. 
Anterior Septum
Posterior
23%
26%
17%
17%
9%
6%
3%
3-D Site of La
Inferior
Inferior
Septun
Lateral
Anterior
Anterior Septum
Posterior
Intrinsic LBBB (n=35)
3%
23% 6%14%
17%
3%
3%
9%
17%
3%
3%
3-D Site of Ear
Figure 4. Mechanical Activation by 3D Speckle-Tracking Strain
Slight differences in the site of earliest mechanical activation were
apex and inferior septum (top panel). Latest mechanical activationBBB patients. The only significant difference tbserved between groups was a greater IVMD in
V-paced patients, which was associated with their
omparatively greater QRS width. Importantly,
ong-term event-free survival and EF response were
imilarly favorable in RV-paced patients compared
ith LBBB patients following CRT. These results
trongly support the candidacy of chronically RV-
aced HF patients for upgrade to CRT.
athophysiology of RV pacing–induced dyssyn-
hrony. RV pacing is performed commonly for
atients with symptomatic or high-risk bradycardia
trioventricular block. Although RV pacing may be
ifesaving, it may induce mechanical dyssynchrony,
hich may have detrimental long-term conse-
uences (5,6). Dohi et al. (5) used an animal model
o demonstrate that the pattern of dyssynchrony
nduced by RV pacing simulated LBBB, which was
haracterized by early mechanical activation of sep-
al segments and delayed activation of free-wall
egments, and was corrected by CRT. Furthermore,
hanges in stroke work by pressure-volume loops
ere correlated with changes in degrees of RV
acing–induced dyssynchrony. The deleterious ef-
ects of dyssynchrony on LV function were accen-
sic LBBB
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468odel of high-dose esmolol, supporting the obser-
ation that dyssynchronous RV pacing may have
ore of an unfavorable effect on patients with
epressed cardiac function (20). Tanabe et al. (6)
ore recently demonstrated a similar pattern dys-
ynchrony induced by RV pacing using speckle-
racking radial strain, which mimicked the pattern
f LBBB seen in humans. Several trials have shown
hat conventional RV pacing is associated with an
ncreased risk for development of HF and death (1,3).
he DAVID (Dual Chamber and VVI Implantable
efibrillator) trial randomized 506 patients with im-
Figure 5. Color-Coded 3D Strain of the Left Ventricle, Bull’s Eye
(A) An example of a patient with left bundle branch block (LBBB) (t
anterior septum segment (red arrow), and the site of latest mechan
example of a patient with chronic right ventricular (RV) pacing (bot
septum segment (red arrow), and the site of latest mechanical acti
sept  anterior-septum; inf  inferior; lat  lateral; post  posteriolantable cardiovertor defibrillators and EF 40% to eate-responsive pacing at 70/min or RV backup
acing at 40/min and observed a lower HF hospi-
alization rate and mortality in those with back-up
acing (3). It is believed that RV pacing–induced
yssynchrony contributed to the less favorable out-
omes in the patients with depressed EF who were
V paced more often.
omparison to other studies of RV pacing and CRT.
his study confirms previous reports describing the
eneficial effect of an upgrade from RV pacing to
iventricular pacing in HF patients with depressed
V function. Leon et al. (21) observed favorable
ts, and Corresponding Time-Strain Curves
, where the site of earliest mechanical activation is the basal-
activation is the mid-posterior segment (green arrow). (B) An
), where the site of earliest mechanical activation is the apical-
n is the mid-lateral segment (green arrow). ant  anterior; ant-
ept  septum.Plo
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469atients with previous atrioventricular node abla-
ion for refractory atrial fibrillation where EF im-
roved from 22  7% to 31  12%, and NYHA
unctional class improved from 3.4  0.5 to 2.4 
.6. Vatankulu et al. (22) reported similar results
ith CRT. Our findings also confirm the outcome
enefits of RV pacing to CRT reported by Foley
t al. (23) and Delnoy et al. (24). Tops et al. (20)
reviously studied 58 patients with His ablation and
V pacemaker dependence, and observed that 57%
ad dyssynchrony associated with a deterioration of
V systolic function and HF functional class over
pproximately 4 years. Their mean baseline HF func-
ional class was 1.7 and mean EF was 48%, which was
n contrast to our patients in the present report; all
ith NYHA functional class III or IV, with a group
ean EF of 25%. The observed prevalence of dyssyn-
hrony at 70% in our present study may likely be
elated to greater degrees of LV dysfunction and HF
5). In addition, the PAVE (Post AV Nodal Ablation
valuation) trial prospectively compared CRT with
V pacing in patients undergoing atrioventricular
ode ablation for refractory atrial fibrillation (25). A
ignificantly greater follow-up EF was observed in the
RT group compared with the RV-pacing group,
nd greater improvements in 6-min walk distance
ccurred in patients with EF 45% or NYHA func-
ional class II/III symptoms receiving CRT compared
ith patients with normal EF or NYHA functional
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Line plots of ejection fraction (EF) values before and 7  5 months
left bundle branch block (LBBB) and right ventricular (RV)-paced palass I symptoms.Others have previously reported a similar degree
f dyssynchrony in RV-paced patients and intrinsic
BBB (26,27). Witte et al. (27) demonstrated that
eptal-to-posterior wall motion delay by M-mode,
ime difference in peak systolic velocities from
itral and lateral mitral annulus, and IVMD were
imilar in intrinsic LBBB and RV-paced patients.
arai et al. (26) also demonstrated that longitudi-
al tissue Doppler dyssynchrony and IVMD were
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470imilar in both groups. Our present study extended
hese previous observations using the newly devel-
ped 3D speckle-tracking system that provided a
ore comprehensive LV dyssynchrony evaluation
han previously possible (19). Although both 2D
nd 3D speckle tracking demonstrated differences
n sites of earliest activation in LBBB and RV-
aced patients, the sites of latest activation were
imilarly distributed in predominantly posterior and
ateral sites. Since pacing the site of latest activation
s thought to be the principal therapeutic effect of
RT, these results support the similar results of
RT in these 2 patient groups. Interestingly, we
bserved significantly greater interventricular dyssyn-
hrony in the RV-paced patients and that IVMD was
orrelated with QRS duration, which was also greater
n the RV-paced group. This finding suggests that the
verall IVMD dyssynchrony induced by RV pacing
ay be even more severe than LBBB (28).
tudy limitations. There are several possible techni-
al limitations in tissue Doppler and speckle-
racking analysis, and both require a training period
nd experience to achieve reproducible results
16,29). A specific limitation of 2D and 3D speckle
racking is the need for careful image tracing to
anually fine tune the region of interest and cap-
ure the appropriate regional strain for dyssyn-
hrony analysis. Another limitation was that a
ubstantial number of patients were referred to our
nstitution for CRT implantation and received
ollow-up medical care elsewhere. Accordingly, we
id not have access to their follow-up echocardio-
rams to perform quantitative EF analysis. How-
ver, patients with and without follow-up EF data
ad similar baseline characteristics, including simi-
ar age, gender distribution, QRS duration, preva-
ence of ischemic heart disease, and EF. Overall, 8%
ere completely lost to follow-up. Potential sites of
V pacing other than the RV apex include the RV
utflow tract and the interventricular septum, or
irect pacing of the His bundle. The RV outflow
ract is the most extensively studied alternate site fortional abnormalities in patients with 2002;288:3115–23.pical pacing due to the stability of the current
ctive fixation leads and the good long-term pace/
ense thresholds. In this study, the site of the RV
acing lead was routinely implanted in the RV apex.
t is likely that the site of the RV pacing lead is
ssociated with the site of earliest mechanical acti-
ation; however, precise localization of the lead
osition was not part of this study. It is an acknowl-
dged limitation that the control group of patients
ith standard CRT indications failing LV lead
lacement may have had greater degrees of cardiac
isease associated with more complex or distorted
oronary venous anatomy, resulting in technical
ifficulties with LV lead positioning. Accordingly, a
andomized trial design would be important for
uture confirmation.
O N C L U S I O N S
he sites of latest mechanical activation in chron-
cally RV-paced patients were similar to intrinsic
BBB patients by 2D and 3D speckle-tracking
adial strain. However, differences in sites of earliest
echanical activation in RV-paced patients were
ore often from the apex and inferior septum,
ikely due to lead positioning. RV-paced patients
ad a similar prevalence and degree of intraventric-
lar dyssynchrony as those with LBBB. The only
ifference between these groups was a greater
VMD in RV-paced patients. Importantly, RV-
aced patients had a similar EF response and
ong-term outcome, and therefore appear to be
uitable candidates for CRT.
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